Asymmetric Hydrolysis of Prochiral Diesters with Pig Liver
Esterase. Preparation of Optically Active Intermediates for the Synthesis of (+)-Biotin and (H-)-a-Methyl-
S^-dihydroxyphenylalanine1
Shinobu Iriuchijima, Keiko Hasegawa and Gen-ichi Tsuchihashi Sagami Chemical Research Center, Nishi-Ohnuma, Sagamihara, Kanagawa 229, Japan Received February 15, 1982 With pig liver esterase, l ,3-dibenzyl-4,5-cw-bis(alkyloxycarbonyl)-2-oxoimidazolidine (1) was asymmetrically hydrolyzed to (4S,5R)-l,3-dibenzyl-5-alkyloxycarbonyl-2-oxoimidazolidine-4-carboxylic acid (2) . This acid 2 was reduced with lithium borohydride to (4S,5i?)-l,3-dibenzyl-5-hydroxymethyl-2-oxoimidazolidine-4-carboxylic acid lactone (3) , which is known to be converted to (+)-biotin (4) . With the same esterase, diethyl 3,4-dimethoxyphenylmethyl-(methyl)malonate (5) was asymmetrically hydrolyzed to (R)-ethy\ hydrogen 3,4-dimethoxyphenylmethyl(methyl)malonate (6) , which can be converted to (S)-a-methyl-3,4-dihydroxyphenyl-
Asymmetric hydrolysis of the esters with enzymes or microorganisms is widely used as a convenient method to obtain optically active esters, acids or alcohols:
The esters having an asymmetric center(s) at the alcohol part-( ± )-cyclopentenyl acetate derivative1} for the prostaglandin synthesis, ( ± )-terpenyl acetates,2) Enzymes are expected to preferentially hydrolyze the (S)-ester rather than the (R)-ester in 1. We investigated the hydrolysis of 1 with enzymes available and found that pig liver esterase hydrolyzed 1 with an appreciable asymmetric selectivity.
Hydrolysis of the diester 1 (R= Me) with pig liver esterase in the phosphate buffer (pH 7, showed that the product was (4S,5R)-3 of 38% enantiomeric excess (e.e.). This result indicated that the esterase hydrolyzed preferentially the (S)-amino acid ester in 1 (R=Me) to produce (4S,5R)-2 (R=Me) as expected.
Furthermore, the hydrolysis of the dipropyl ester 1 (R=w-Pr) with the same esterase gave (+)-2 (R=w-Pr) in 85% yield. Reduction of (+)-2 (R=«-Pr) with lithium borohydride12) the Hoechst process and was obtained by the optical resolution of (±)-6 (R=Me) with quinine.13) We planned to obtain (R)-6 by hydrolyzing asymmetrically the prochiral diester 5 with enzymes and found that pig liver esterase hydrolyzed 5 with an appreciable selectivity (Fig. 2) .
Hydrolysis of 5 with the esterase gave (-)-6
in 86% yield. According to the reported method,13) (-)-6 was converted via a carbonylazide 7 to (-)-JV-acetyl-a-methyl-3,4-dimethoxyphenylalanine ethyl ester (8) in 71 % yield. The optical purity of (-)-8 thus obtained was estimated to be 59% e.e. by an
NMRstudy with a chiral shift reagent Eu(tfc)3 and its absolute configuration was deduced to be (S) on the basis of the fact that the (S)-methyl ester 8 (R=Me) had the (-)-rotation.14) This result showed that the esterase preferentially hydrolyzed the pro-(5)-ester group of5 to produce (R)-6. The (i^-ester 8 is known to be converted to L-a-methyldopa (9) .13>
Similar hydrolysis of diethyl acetylamino (methyl) malonate (10) with pig liver esterase produced (+)-ethyl hydrogen acetylamino (methyl) malonate (ll) (Fig. 3) . The esterase from pig liver was found to be an interesting enzyme that has an ability to asymmetrically hydrolyze the prochiral diesters such as 1 and 5. Enzymes like this esterase need to be obtained from a microbial origin, because this esterase is expensive.
EXPERIMENTAL
Melting points were taken on a Yanagimotomelting point apparatus and are uncorrected. IR spectra were recorded on a Hitachi EPI-G3 spectrometer and NMR spectra were measured on Varian HA-100 and T-60 spectrometers. Column chromatography was done with silica gel (Wakogel C-200). Pig liver esterase solution (30mg in 3 ml) (Boehringer Mannheim) and the enzymes described in the previous paper4) were used. Esterification was done by the method reported using thionyl chloride. (540mg, 1.53 mmol) in propanol (20ml) was refluxed for 1.5hr. After being cooled, it was concentrated and chromatographed with benzene-hexane (8 : 2 Asymmetric hydrolysis ofdipropyl ester 1 (R = n-Pr) to (4S,5R)-2 (R=n-Pr) and the chemical conversion of (4S,5R)-2 (R=n-Pr) to (4S,5R)-3. Dipropyl ester 1 (R= «-Pr) (183 mg, 0.42 mmol) was dissolved in acetone (3 ml).
To the stirred solution were successively added the phosphate buffer (pH 7, 0.1 m) (15 ml) and the esterase solution (9mg in 0.9ml). The suspension was stirred at 25°C for 24hr, basified with dil. NaHCO3and washed with ethyl acetate. The aqueous layer was acidified and extracted
